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(54) FINGERPRINT READER AND METHOD THEREFOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely read the 
irregular form of a fingerprint with a simple circuit 
structure by forming a capacitor by a sensor electrode 
part having a plurality of electrodes whose surfaces are 
covered with a dielectric layer having a prescribed 
thickness, and a specimen making contact with the 
surface of the sensor electrode part, and detecting the 
voltage by an accumulated charge as the differential 
amplified output from the electrodes. 
SOLUTION: A plurality of sensor electrodes 3 (3A1-3An) 
formed on a semiconductor substrate are two- 
dimensionally arranged in a matrix, and a dielectric layer 
consisting of a thin film having an uniform thickness is 
laminated on the electrode surfaces to form a sensor 

surface 12. A line reading circuit selects a pair of adjacent sensor electrodes 3An and 3A(n+1) 
by switching change-over in the read of a voltage. The respective sensor electrode 3An and 
3A(n+1) are connected to a data line to apply a voltage to the electrodes. Thus, a capacitor is 
formed by the electrodes 3An and 3A(n+1) and a specimen making contact with the surface of 
the sensor electrode part, and the voltage by the charge accumulated in the capacitor is 
inputted to a differential amplifying circuit to provide a differential signal output. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. hi the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claun 1] The sensor polar zone formed by therefore covering the front face of two or more electrodes 
and the electrode concemed to the dielectric layer of predetermined thickness, The differential output 
detecting element which carries out the differential amplifier of the output voltage therefore detected by 
the above-mentioned electrode of ****** 2nd to the 1st above-mentioned electrode and 1st electrode 
concemed, and outputs it to them, Have the electrical-potential-difference feed zone which impresses an 
electrical potential difference to the above-mentioned electrode, and, therefore, a capacitor is formed in 
the specimen in contact with the front face of the above-mentioned electrode and the above-mentioned 
sensor polar zone. The fingerprint reader characterized by accumulating a charge in the capacitor 
concemed, carrying out the differential amplifier of the above-mentioned output voltage according to the 
above-mentioned charge, and therefore detecting it from the 1st and 2nd electrodes of the above to the 
above-mentioned detecting element. 

[Claim 2] The sensor polar zone formed by therefore covering the front face of two or more electrodes 
and the electrode concemed to the dielectric layer of predetermined thickness, The electrical-potential- 
difference feed zone which impresses an electrical potential difference to the above-mentioned 
electrode, and the distribution capacitor with known capacity for charge distribution, the above- 
mentioned electrode - and — or with the electrical-potential-difference supply circuit changing switch 
which switches the ON or OFF of an electrical potential difference impressed to the above-mentioned 
distribution capacitor It has the discharge circuit changing switch which switches the above-mentioned 
electrode or the above-mentioned distribution capacitor to a gland, connects, and discharges a charge. 
Therefore, a capacitor is formed in the specimen in contact with the front face of the above-mentioned 
electrode and the above-mentioned sensor polar zone. Or an electrical potential difference is impressed 
to the above-mentioned capacitor, the above-mentioned electrical-potential-difference feed zone - 
therefore - the above-mentioned distribution capacitor ~ and ~ The above-mentioned charge left behind 
by therefore discharging the charge in which it was made to store in either the above-mentioned 
capacitor or the above-mentioned distribution capacitor to change control of the above-mentioned 
discharge circuit changing switch is distributed to the above-mentioned capacitor. The fingerprint reader 
characterized by detecting the output voltage of the above-mentioned capacitor by the distributed above- 
mentioned charge. 

[Claim 3] The distribution capacitor for charge distribution by which the above-mentioned differential 
voltage detecting element is prepared according to the 1st and 2nd electrodes of the above, respectively, 
The electrical-potential-difference supply circuit changing switch which switches the ON or OFF of an 
electrical potential difference impressed to the above-mentioned distribution capacitor and the 1st and 
2nd electrodes of the above, It has the discharge circuit changing switch which discharges the charge 
which switches the above-mentioned distribution capacitor or the 1st and 2nd electrodes of the above to 
a gland, connects, and is stored. Therefore, a capacitor is formed in the specimen in contact with the 
above-mentioned electrode and the above-mentioned sensor electrode surface. Or an electrical potential 
difference is impressed to the above-mentioned capacitor, the above-mentioned electrical-potential- 
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difference feed zone - therefore - the above-mentioned distribution capacitor ~ and - The above- 
mentioned charge left behind by therefore discharging the charge in which it was made to store in either 
the above-mentioned capacitor or the above-mentioned distribution capacitor to change control of the 
above-mentioned discharge circuit changing switch is distributed to the above-mentioned capacitor. The 
fingerprint reader according to claim 1 characterized by detecting the output voltage of the above- 
mentioned capacitor by the distributed above-mentioned charge. 

[Claim 4] The fingerprint reader according to claim 1 characterized by arranging two or more above- 
mentioned electrodes in the shape of Rhine, forming the above-mentioned sensor polar zone, choosing 
the 1st and 2nd electrodes of the ****** above as the above-mentioned electrical-potential-difference 
detecting element one by one firom two or more above-mentioned electrodes therefore, and detecting the 
above-mentioned output voltage for one line continuously. 

[Claim 5] The above-mentioned detecting element is a fingerprint reader according to claim 4 
characterized by having the differential amplifying circuit corresponded and prepared for every Rhine 
group concerned, and the input circuit changing switch which switches the above-mentioned Rhine 
group alternatively and is connected to the plus input or the negative input of the above-mentioned 
differential amplifying circuit when Rhine of the above-mentioned electrode arranged in the shape of 
Rhine is made into the Rhine group for every predetermined number. 

[Claim 6] The capacitor formation step which therefore forms a capacitor in the specimen contacted on 
the front face of the sensor polar zone formed by therefore covering the fi-ont face of two or more 
arranged electrodes and the electrode concemed to the dielectric layer of predetermined thickness, The 
electrical-potential-difference impression step which impresses an electrical potential difference to the 
above-mentioned electrode, and the differential output detection step which carries out the differential 
amplifier of the output voltage therefore detected by the above-mentioned electrode of ****** 2nd to 
the 1st above-mentioned electrode and 1st electrode concemed, and outputs it to them, Therefore, the 
above-mentioned capacitor is formed in the specimen in contact with the front face of ******, the 
above-mentioned electrode, and the above-mentioned sensor polar zone, the above-mentioned 
distribution capacitor — and — or the fingerprint read approach characterized by charging the above- 
mentioned capacitor, carrying out the differential amplifier of the above-mentioned output voltage of the 
1st and 2nd electrodes of the above according to the above-mentioned charge, and therefore detecting it 
to the above-mentioned detecting element. 

[Claim 7] The capacitor formation step which therefore forms a capacitor in the specimen contacted on 
the fi-ont face of the sensor polar zone formed by therefore covering the front face of two or more 
arranged electrodes and the electrode concemed to the dielectric layer of predetermined thickness. The 
electrical-potential-difference impression step which impresses an electrical potential difference to the 
distribution capacitor and the above-mentioned capacitor for charge distribution, The floating step which 
makes floating the above-mentioned distribution capacitor and the above-mentioned capacitor, The 
discharge step which discharges the charge stored in the above-mentioned distribution capacitor or the 
above-mentioned capacitor, The charge stored in the above-mentioned distribution capacitor when the 
above-mentioned capacitor was discharged is distributed to the above-mentioned capacitor. The charge 
distribution step which distributes the charge stored in the above-mentioned capacitor when the above- 
mentioned distribution capacitor was discharged to the above-mentioned distribution capacitor. The 
fingerprint read approach characterized by having the output voltage detection step which therefore 
detects the electrical potential difference by the distribution charge distributed to ttie above-mentioned 
capacitor to the above-mentioned sensor electrode. 

[Claim 8] The electrical-potential-difference impression step which impresses an electrical potential 
difference to the distribution capacitor and the above-mentioned capacitor for charge distribution, The 
floating step which makes floating the above-mentioned distribution capacitor and the above-mentioned 
capacitor. The discharge step which discharges the charge stored in the above-mentioned distribution 
capacitor or the above-mentioned capacitor. The charge stored in the above-mentioned distribution 
capacitor when the above-mentioned capacitor was discharged is distributed to the above-mentioned 
capacitor. The charge distribution step which distributes the charge stored in the above-mentioned 
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capacitor when the above-mentioned distribution capacitor was discharged to the above-mentioned 
distribution capacitor, The fingerprint read approach according to claim 6 characterized by having the 
output vohage detection step which therefore detects the electrical potential difference by the 
distribution charge distributed to the above-mentioned capacitor to the above-mentioned sensor 
electrode. 

[Claim 9] The above-mentioned differential output detection step is the fingerprint read approach 
according to claim 6 characterized by choosing the 1st and 2nd electrodes of the ****** above one by 
one fi"om the above-mentioned sensor polar zone which arranged two or more above-mentioned 
electrodes in the shape of Rhine, and detecting the differential output of the above-mentioned output 
voltage for one line continuously. 

[Claim 10] The above-mentioned differential output detection step is the fingerprint read approach 
according to claim 9 characterized by switching the Rhine group concemed for Rhine of the above- 
mentioned electrode arranged in the shape of Rhine altematively as a Rhine group for every 
predetermined number, and detecting a differential output. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the abbreviation diagram showing the whole fingerprint reader system configuration by 
this invention. 

[Drawing 2] It is the block diagram showing the configuration of all the Rhine read circuits. 
[Drawing 3] It is the block diagram showing the configuration of the Rhine read circuit. 
Prawing 4] It is the abbreviation diagram with which explanation of the differential ampUfier output by 
the equal circuit is presented. 

[Drawing 5] It is the flow chart which shows an output voltage read procedure. 

[Drawing 6] It is the timing chart of the differential output read by the sensor electrode. 

[Drawing 7] It is the timing chart of the differential ou^ut read by the Rhine read circuit. 

[Drawing 8] It is the graph with which explanation of the output of the Rhine read circuit is presented. 

[Drawing 9] It is the block diagram showing the configuration of all the Rhine read circuits. 

[Drawing 10] It is the abbreviation diagram with which explanation of the differential amplifier output 

by the equal circuit is presented. 

[Drawing 11] It is the flow chart which shows an output vohage read procedure. 

[Drawing 12] It is the abbreviation diagram with which explanation of a fingerprint reader is presented. 

[Drawing 13] It is the abbreviation diagram with which explanation of the principle of fingerprint read is 

presented. 

[Description of Notations] 

1 10 [ 25 A detecting element, 26 / .. An input circuit changing switch, 27 / .. Differential ampUfying 
circuit. ] .... A fingerprint reader, 3, 3Al-3An .. A sensor electrode, 13 A line drive circuit, 15 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Table of Contents] This invention is explained in order of the following. 
[0002] The technical field Prior art to which mvention belongs ( drawing 12 and drawing 13 ) 
The gestah of gestalt (1) the 1st operation of implementation of technical-problem The means for 
solving a technical problem invention which invention tends to solve ( drawing 1 - drawing 8 ) 

(2) The configuration of the Rhine read circuit ( drawing 2 - drawing 8 ) 

(3) Actuation of the gestalt of operation, and the gestah of effectiveness (4) the 2nd operation ( drawing 
9) 

(5) The gestalt of the 3rd operation ( drawing 10 and drawing 1 1 ) 

(6) Gestalt effect-of-the-invention [0003] of other operations 

[Field of the Invention] Especially this invention is applied to the fingerprint reader which therefore 
reads the shape of toothing of a fingerprint, and its approach, and is suitable for the electrostatic capacity 
produced between a fingertip fi:ont face and an electrode about a fingerprint reader and its approach. 
[0004] 

[Description of the Prior Art] The fingerprint reader (JP,4-231803,A) of the electrostatic-capacity mold 
which detects a fingerprint configuration using the electrostatic capacity produced between the 
fingerprints contacted through the dielectric layer prepared on the electrode and the electrode concerned 
as a fingerprint reader which detects a fingerprint differing conventionally according to the irregularity 
of a fingerprint etc. is proposed. 

[0005] As shown in drawing 12 , the fingerprint reader 1 of an electrostatic-capacity mold forms the 
sensor electrode group 3 according to the area of the fingerprint detection on the fi-ont face F of a 
fingertip on the silicon semi-conductor substrate 2, and, therefore, it is formed in therefore coating the 
dielectric layers 4, such as polyimide, with the front face of the electrode group fiirther. 
[0006] The fingerprint reader 1 makes a dielectric layer 4 a sensor side, and, therefore, a capacitor is 
made to form through a dielectric pressing the fingertip front face F and contacting it on this sensor side, 
between a conductor, and the intermediary **** fingertip front face F and the sensor electrode 3 by 
sweat etc. 

[0007] in this case — drawing 13 ~ being shown — as — a fingerprint — toothing ~ ** — receiving ~ a 
dielectric layer - four -- direct — contacting -- a ridge -- a sensor - an electrode - three between - 
forming ~ having - a capacitor ~ Cs - electrostatic capacity a fingerprint - a slot - setting - an air 
space -- having minded ~ a dielectric layer - four - therefore - forming -- having a capacitor Cs ~ 
' ~ electrostatic capacity ~ differing . It is made as [ idenfify / therefore / to detect the difference of the 
electrostatic capacity according to the irregularity of a fingerprint using this / the shape of toothing of a 
fingerprint ]. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, in this fingerprint reader 1, if area of sensor 
electrode each is made small in order to raise the resolution of a sensor and to obtain a minute 
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fingerprint image, it can come, and will be alike, therefore a capacitor will also become small. 
Consequently, the signal detected from a sensor becomes minute, therefore the effect of a noise is 
suppressed for such a minute signal, a signal-to-noise ratio is made high and the problem that circuitry 
must be made intricately and large is to detect with a sufficient precision. 

[0009] This invention was made in consideration of the above point, and tends to propose the fingerprint 
reader which can therefore read the shape of toothing of a fingerprint in a high precision to simple 
circuitry, and its approach. 
[0010] 

[Means for Solving the Problem] In order to solve this technical problem, it sets to this invention. The 
sensor polar zone formed by therefore covering the front face of two or more electrodes and the 
electrode concemed to the dielectric layer of predetermined thickness. The differential output detecting 
element which carries out the differential amplifier of the output voltage therefore detected by the 2nd 
electrode of ****** to the 1st electrode and 1st electrode concemed, and outputs it to them. It has the 
electrical-potential-difference feed zone which impresses an electrical potential difference to an 
electrode, therefore a capacitor is formed in the specimen in contact with the front face of an electrode 
and the sensor polar zone, and the electrical potential difference by the charge accumulated in the 
capacitor concemed is detected as a differential amplifier output from the 1st and 2nd electrodes in a 
detecting element. This removes the inphase component of a noise and signal detection with a high 
signal-to-noise ratio can be performed. 
[0011] 

[Embodiment of the Invention] About a drawing, the gestalt of 1 operation of this invention is explained 
in frill detail below. 

[0012] (1) Therefore, form the sensor side 12 in 10 carrying out the laminating of the dielectric layer 
which shows a fingerprint reader as a whole, carries out two-dimensional array of two or more sensor 
electrodes 3 (3 A 1-3 An) formed on the semi-conductor substrate to the shape of a matrix, and becomes 
the front face of the sensor electrode 3 with the thin film of uniform thickness in drawing 1 which 
attaches and shows the same sign to a corresponding part with gestalt drawing 12 </A> of the 1st 
operation. 

[0013] In this case, in the fingerprint reader 10, in order to read the shape of toothing of a fingerprint 
two-dimensional on the sensor side 12, therefore, a fingerprint is read per Rhine to sensor electrode 
3Al-3An first arranged in the shape of Rhine in each train direction of a matrix. When the fingerprint 
reader 10 performs fingerprint read of one line in that case the line drive circuit 13 ~ therefore - FET 
(Field Effect Transistor) etc. - among two or more sensors electrode 3Al-3An(s) therefore switching 
and controlling the switching element 14 formed In the Rhine top sensor electrode 3An and 3A (n+1) of 
a ****** pair one by one It is made as [ acquire / the information for every Rhine about the shape of 
toothing of a fingerprint ] by sending out the information on the output voltage which makes change 
selection and is detected from sensor electrode 3 An and 3 A (n+1) of the pair concemed to a detecting 
element 15. 

[0014] (2) The configuration fingerprint reader 10 of the Rhine read circuit has formed all the Rhine 
read circuits 20, in order to read the shape of toothing of a fingerprint two-dimensional therefore to two 
or more Rhine in the sensor side 12, as shown in drawing 2 . In explaining all these Rhine read circuits 
20, the Rhine read circuit 22 shown in drawing 3 which detects the output for one line on the sensor side 
12 first is explained. 

[0015] That is, as shown in drawing 3 , the Rhine read circuit 22 which detects the output for one line 
has the data lines 23 and 24, and is made as [ coimect / with the plus input 28 and the negative input 29 
of the differential amplifying circuit 27 in which the data lines 23 and 24 concemed were formed in the 
detecting element 15 through the input change-over switches 25 and 26, respectively ]. Therefore, 
differential signal SO of the signal therefore inputted into a plus input 28 and the negative input 29 
through each data lines 23 and 24 in a differential ampUfying circuit 27 It can obtain from an output 
terminal 30. 

[0016] Therefore, the Rhine read circuit 22 connects altemately to the data lines 23 and 24 sensor 
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electrode 3Al-3An arranged on Rhine in the sensor side 12 by No. odd and No. even. That is, parallel 
connection of the capacitor Cll for charge distribution which has known capacity in one [ which makes 
a pair ] two data lines 23, the sensor electrode three Al of the odd number location on Rhine, 3 A3, 
....3A2 (n-1) is carried out (n is the natural number here). Moreover, the Rhine read circuit 22 is carrying 
out parallel connection of the capacitor C12 for charge distribution which similarly has known capacity 
in another [ which makes a pair ] data line 24, the sensor electrode three A2 of the even number location 
on Rhine, 3 A4, and the ....3A (2n). 

[0017] Incidentally, in case the capacitors Cll and C12 for charge distribution therefore form sensor 
electrode 3Al-3An of the Rhine read circuit 22 in a semi-conductor manufacture process, therefore, they 
can be formed in the parasitic capacitance produced for every data line. The data lines 23 and 24 all have 
parasitic capacitance, and in a semi-conductor process, since it is easy, if the parasitic capacitance of 
every Rhine is m the same chip, they can make it ahnost equal to make the thing of the same property 
relatively. Since the time and effort which newly builds the capacitor of known capacity by this can be 
saved, the Rhine read circuit 22 can be formed easily. 

[0018] Moreover, the data lines 23 and 24 are connected to a gland through switches SWGl and SWG2 
while connecting with a power source Vcc through switches SWPl and SWP2, respectively. 
[0019] The Rhine read circuit 22 chooses the pair of ****** predetermined sensor electrode 3An and 
3 A (n+1) by the switching change of the line drive circuit 13 at the time of electrical-potential- 
read-out. Consequently, the Rhine read circuit 22 constitutes a difference input circuit as therefore 
shown in a differential amplifying circuit 27, sensor electrode 3 An, and 3 A (n+1) at drawing 4 (A) at the 
time of electrical -potential-difference read-out. 

[0020] The Rhine read circuit 22 At namely, the time of electrical-potential-difference read-out Sensor 
electrode 3An and 3A (n+1) are connected to the data lines 23 and 24. ****** sensor electrode 3An out 
of sensor electrode 3Al-3An arranged on each Rhine of the sensor side 12, and 3 A (n+1) ~ choosing - 
Switches SWSn and SWS (n+1) - therefore - each ~ It inputs into the plus input 28 and the negative 
input 29 of a differential amplifying circuit 27 of the Rhine read circuit 22, and is made as [ obtain / 
this / the differential signal output by sensor electrode 3An and 3A (n+1) ]. 

[0021] It explains using the equal circuit 40 of the Rhine read circuit 22 which shows actuation of the 
Rhine read circuit 22 shown in drawing 4 (A) here to drawing 4 (B). 

[0022] As an equal circuit 40 is shown, while connecting a plus input 28 to a power source Vcc through 
the data line 23 and a switch SWPl in the plus input side of a differential amplifying circuit 27 When 
the fingertip fi-ont face F is pressed against the data Hne 23 connected to the plus input 28 of a 
differential ampUfying circuit 27 on the odd-numbered sensor electrode three A2 (n-1) on Rhine, and the 
sensor electrode three A2 (n-1) concemed Parallel connection of the distribution capacitor Cll which 
distributes the charge stored in the formation capacitor Cs 1 concemed by the formation capacitor Csl 
list formed is carried out. further - an equal circuit 40 - the formation capacitor Cs 1 is made as 
[ connect / switch to a change the data hne 23, connection, or connectionless, therefore, it switches the 
data line 23 to a switch SWS 1 in a gland at a switch SWG 1 and ]. 

[0023] Similarly, by the negative input side of an equal circuit 40, while connecting the negative input 
29 of a differential amplifying circuit 27 to a power source Vcc through the data line 24 and a switch 
SWP2 the data line 24 connected to the plus input 28 of a differential amplifying circuit 27 ~ the odd- 
numbered sensor electrode three A2 (n-1) on Rhine ~ receiving - ****** - like Parallel connection of 
the distribution capacitor C12 which distributes the charge stored in the formation capacitor Cs 2 
concemed by the formation capacitor Cs2 list therefore formed in the even-numbered sensor electrode 
3 A (2n) list on Rhine arranged on the three A2n of the sensor electrodes concemed and the fingertip 
firont face F is carried out. As an equal circuit 40 is furthermore shown, the formation capacitor Cs 2 is 
made as [ connect / while switching to the data line 24 therefore connection or connectionless / with a 
switch SWS 2 / therefore, switch the data line 23 to a switch SWG 2 in a gland, and ]. 
[0024] Differential signal SO by the distribution electrical potential difference Vb when therefore 
distributing formation capacitor Cs2 charge to the timing chart shown in the flow chart shown in 
drawing 5 here, and drawing 6 in the Rhine read circuit 22 firom the distribution electrical potential 
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difference Va and the distribution capacitor C12 when distributing a charge from the distribution 
capacitor Cll at the formation capacitor Cs 1 The procedure of reading an output is explained. 
[0025] Namely, if the potential read-out procedure RT 1 therefore makes the formation capacitors Csl 
and Cs2 form in placing the fingertip front face F on the sensor side 12 in a step SP 1 Next, therefore, 
the formation capacitor Cs 1 and Cs2 list are charged for the distribution capacitors Cll and C12 on the 
electrical potential difference therefore impressed to a power source Vcc turning ON ( drawing 6 (a)) 
SWSl and SWS2 in a step SP 2 at a switch SWPl and SWP2 Ust. Consequently, the distribution 
capacitors Cll and C12 are attained to Cll at each electrostatic capacity Cs 1 and Cs2 list, and it 
responds to the formation capacitor Cs 1 and Cs2 list C12, and is a degree type and [0026], respectively. 
[Equation 1] 

CslVcc=Qal ( I ) 

:0027] 
Equation 2] 

ClIVcc^Qll (2) 

[0028] 

t Equation 3] 
;aZVcc=Qa2 (3 ) 

[0029] 
[Equation 4] 

CIZVCC-Q12 (4) 

[0030] It comes out and Qll and Q12 are stored in the charge Qs2 and Qs2 list which are expressed, 

respectively. 

[0031] Next, therefore, the distribution capacitors Cll and C12 are set as turning OFF ( drawing 6 (b)) 
SWSl and SWS2 in a step SP 3 after charge of the distribution capacitors Cll and C12 in a switch SWPl 
and SWP2 list at the formation capacitor Cs 1 and Cs2 list at floating at the formation capacitor Cs 1 and 
Cs2 list, respectively. 

[0032] Next, only the charges Qll and Q12 stored in the distribution capacitors Cll and C12 are 
discharged by turning ON ( drawing 6 (c)) switches SWGl and SWG2 in a step SP 4. And it is a degree 
type [0033] by turning ON ( drawing 6 (e)) switches SWSl and SWS2 in the continuing step SP 6, after 
turning OFF ( drawing 6 (d)) switches SWGl and SWG2 in a step SP 5 and setting the potential of an 
output terminal 30 as 0 [V]. 
[Equation 5] 

Qsl= (Csl+CU) Va ( 5 ) 

[0034] 
[Equation 6] 

(Csl+CU) Va =CslVcc (6) 

[0035] 

[Equation 71 

CslVcc 

Va - ( 7 \ 

[0036] 
[Equation 8] 

Va = — • Vcc ( a ) 

Cll 

1 + 

Csl 
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[0037] The electrical potential difference Va by the charge Qsl redistributed to the formation capacitor 
Cs 1 and the distribution capacitor Cll by the side of the plus input which is alike and is therefore 
expressed is read in a points. 
[0038] Furthermore, it is a degree type and [0039]. 

t Equation 9] 
ls2= (Cs2+Cl2) Vb ( g ) 

[0040] 

[Equation 10] 

(Cs2-hCl2) Vb =Cs2Vcc (10) 

[0041] 

[Equation 11] 
C52VCC 

Vb (11) 

Cs2+Cl2 ^ ^ 

[0042] 

[Equation 12] 

V*> • Vcc (12) 

C12 

1 + 

Cs2 



[0043] The electrical potential difference Vb by the charge Qs2 redistributed to the formation capacitor 
Cs 2 and the distribution capacitor C12 of the negative input side which is alike and is therefore 
expressed is read in b points. Therefore, output voltage Va and Vb can be asked for the electrostatic 
capacity Csl and Cs2 of the formation capacitors Csl and Cs2 from a formula (8) and a formula (12), 
respectively. 

[0044] Next, in a step SP 7, the differential amphfier output of the output voltage Va and Vb of a points 
and b points is read from an output terminal 30. This ends the output voltage read procedure RT 1. 
[0045] Thus, differential output SO can obtain the differential amplifier output of the output voltage by 
the distribution electrical potential difference of the formation capacitors Csl and Cs2 detected on Rhine 
of the sensor side 12 by ****** sensor electrode 3An and 3A (n+1), and corresponding to the 
electrostatic capacity of the formation capacitors Csl and Cs2 in this way It can obtain. 
[0046] Next, therefore, it explains to the timing chart which shows control of reading of the sensor side 
12 by the Rhine read circuit 22 for one line to drawing 7 . 

[0047] In this case, in the Rhine read circuit 22, it is made as [ carry / therefore / to detecting the output 
by the differential amplifier of ****** sensor electrode 3An and 3A (n+1) / information read for one 
line ], and the output by the differential amphfier is first detected one by one about the ****** sensor 
electrode three Al and two A2. 

[0048] That is, while turning ON switches SWPl and SWP2 so that the data lines 23 and 24 may be 
connected to a power source Vcc to the following timing (a) if the fingertip front face F used as a 
specimen is placed on the sensor side 12 of the fingerprint reader 1, all the switches SWS 1 that connect 
sensor electrode 3Al-3An to the data lines 23 and 24 - SWSn(s) are turned ON, and, therefore, sensor 
electrode 3Al-3An is charged at a power source Vcc. 

[0049] Next, by turning OFF a switch SWS 1 - SWSn to timing (b) at a switch SWPl and SWP2 Ust, 
sensor electrode 3Al-3An is set as floating. Next, by turning ON switches SWGl and SWG2 to timing 
(c), grand touch-down of the data Unes 23 and 24 is carried out, and this discharges the distribution 
capacitors CIA and CIB. 

[0050] Next, while turning OFF switches SWGl and SWG2 and turning on switches SWSl and SWS2 
to timing (d) again, it sets up, respectively so that the data line 23 may connect the input circuit changing 
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switches 25 and 26 of a differential amplifying circuit 27 to a plus input 28, respectively, and so that the 
data line 24 may connect with the negative input 29. Consequently, signal output So which carried out 
the differential amplifier of the adjacent sensor electrode three Al and the output potential by three A2 It 
can take out from the output terminal 30 of a differential amphfying circuit 27. 
[0051] Next, the output by the differential amplifier of the electrical potential difference is detected 
about the sensor electrode three A2 and 3 A3. Namely, the sensor electrode three Al and the difference 
partial output SO of three A2 After detecting, while turning OFF a switch SWS 1 to timing (e) and 
separating the sensor electrode three Al from the data line 23, both the input circuit changing switches 
25 and 26 of a differential amplifying circuit 27 are made into an OFF state. Next, by setting the switch 
SWG 1 of the data line 23 to ON to timing (f), the data line 23 is once made into ground potential, and 
the distribution capacitor Cll is discharged. 

[0052] Next, while switching and coimecting so that a switch 26 may be connected to a plus input 28 so 
that the input circuit changing switch 25 of a differential amplifying circuit 27 may be connected to the 
negative input 29 to the following timing (g) and after turning OFF a switch SWG 1 again, the switch 
SWS 3 linked to sensor electrode 3 A3 is turned ON, and sensor electrode 3 A3 is connected to the data 
Une 23. The output voltage in the sensor electrode three A2 is inputted into the plus input 28 of a 
differential amplifying circuit 27 by this, the output voltage in sensor electrode 3 A3 is inputted into the 
negative input 29, and the differential ampUfier output in the sensor electrode three A2 and 3 A3 can be 
obtained in this way. 

[0053] In order to detect the differential ampHfier output of sensor electrode 3 A3 and 3 A4 on Rhine 
like the following, a switch SWS 2 is tumed OFF to the following timing (h), and the sensor electrode 
three A2 is separated from the data line 24. And after discharging the distribution capacitor C12 
therefore tuming ON a switch SWG 2 to the following timing (j), and making the data Une 24 into 
ground potential, a switch SWG 2 is tumed OFF again. The capacity component which connects with 
the data line 24 by this is removed. And while tuming ON a switch SWS 4 to the following timing (k) 
and connecting sensor electrode 3 A4 to the data line 24, it switches and connects so that the input 
circuit changing switch 25 of a differential amplifying circuit 27 may be connected to a plus input 28, 
and so that a switch 26 may be connected to the negative input 29. The differential amplifier output by 
the differential pair of sensor electrode 3 A3 prepared on Rhine of the Rhine read circuit 22 by this and 3 
A4 is detectable. 

[0054] Thus, on Rhine, the differential pair of a ****** sensor electrode can be switched one by one, 
and can be chosen from sensor electrode 3Al-3An put in order and arranged by the numerical order, and 
the differential amplifier output by the distribution electrical potential difference therefore produced at 
the formation capacitor Cs between ****** each sensor electrode three Al - 3An to have made it 
connect with the plus input 28 and the negative input 29 of a differential amphfying circuit 27, 
respectively can be obtained. 

[0055] Moreover, the inside of sensor electrode 3 An which forms a differential pair in case a ****** 
sensor electrode makes differential pair selection, and 3 A (n+l), the difference which made ** polarity 
the same and therefore followed having always connected the sensor electrode 3 An with a young 
number to the plus input 28 of a differential amplifying circuit 27 between ****** each sensor electrode 
3A-3A (n+1) as shown in drawing 8 (A) - an output can be obtained. 

[0056] further — difference - gray-scale data as shown in drawing 8 (B) by integrating with an output ~ 
or binary data as therefore show gray-scale data further to making it binary at drawing 8 (C) can also be 
obtained. 

[0057] (3) In actuation of the gestaU of operation, and the configuration beyond effectiveness, if a ** 
person presses a fingertip and contacts it on the sensor side 12 in the fingerprint reader 10 when 
performing read of a fmgerprint, change of the electrostatic capacity between the sensor electrodes 3 by 
the fingertip front face F pressed by all the Rhine read circuits 20 on the sensor side 12 will be detected 
for every Rhine. Therefore in the fingerprint reader 10, sensor electrode 3An and 3A (n+l) of a ****** 
pair are switched and chosen as the line drive circuit 13 from sensor electrode 3Al-3An arranged in 
predetermined Rhine one by one here. And a charge is made to be stored by impressing an electrical 
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potential difference to the formation capacitors Csl and Cs2 therefore formed in selected sensor 
electrode 3An and 3A (n+1) of a ****** pair, and the fmgertip front face F concerned from a power 
source Vcc. 

[0058] The differential amplifier output of the electrical potential difference which distributes the charge 
stored in these formation capacitors Csl and Cs2 to the distribution capacitors Cll and C12, respectively, 
and is outputted at this time is read in a detecting element 1 5 through tiie Rhine read circuit 22. 
performing [ A / of a ****** pair / sensor electrode 3An and 3A (n+1) ] this about one line one by one 
in one line — the difference for one line ~ distribution of an output can be acquired. 
[0059] By performing still more nearly same read actuation repeatedly to all remaining Rhine, two- 
dimensional distribution of a difference partial output can be acquired from the sensor side 12, and, 
thereby, the information on the fingerprint configuration by two-dimensional distribution of a difference 
partial output can be acquired in the sensor side 12 top. 

[0060] Under the present circumstances, switch the data line therefore inputted into the plus input 28 
and the negative input 29 of a differential amplifying circuit 27 to the input circuit changing switches 25 
and 26, and it connects with them. When it was made for sensor electrode 3A (n+1) of ******** to 
always become the negative input 29 to sensor electrode 3 An one by one the difference which has 
change which continued as output change of the following sensor electrode 3 A (n+1) always became a 
negative side on the basis of sensor electrode 3An among ****** sensor electrode 3An and 3A (n+1) ~ 
an output can be read. 

[0061] Thus, between the sensor electrodes 3 and the fingertip front faces F which are arranged in the 
shape of a matrix on the sensor side 12 By having read the electrical potential difference according to 
the charge accumulated in the capacitor Cs to produce as a differential amplifier output of ****** sensor 
electrode 3 An by which sequential selection was made in each Rhine, and 3 A (n+1) The effect of the 
noise at the time of therefore detecting dispersion and the minute signal of output voltage by a 
temperature change, line voltage variation, etc. between sensor electrode 3An and 3A (n+1) to a 
differential amplifier etc. can be removed as an inphase component, and output voltage can be detected 
in a high precision in this way. 

[0062] By according to the above configuration, carrying out the differential amplifier of the output 
voltage from ****** sensor electrode 3 An by which sequenfial selection was made in each Rhine in the 
electrical potential difference according to the charge accumulated in the formation capacitor Cs 
produced between the fingertip front faces F placed on the sensor side 12, and 3 A (n+1), and having 
read it each — also when area of sensor electrode 3Al-3An tends to be made minute and it is going to 
detect a fingerprint configuration in high resolution, the inphase component of a noise or dispersion can 
be removed from the output voltage from sensor electrode 3Al-3An, and output voUage can be detected 
in a high precision in this way. 

[0063] Moreover, the circuitry for detecting electrostatic capacity can be made simple by having 
distributed the charge stored in the formation capacitor Cs produced between sensor electrode 3 An and 
the fingertip front face F by electrical-potential-difference impression to the ****** capacitor CI with 
known capacity, and having considered as a configuration which therefore asks detecting the distribution 
electrical potential difference of the formation capacitor Cs at that time, and the distribution capacitor CI 
for the electrostatic capacity of the formation capacitor Cs. 

[0064] When choosing ****** sensor electrode 3An and 3A (n+1) of each Rhine from sensor electrode 
3Al-3An furthermore arranged in the shape of Rhine and detecting a differential ampHfier output When 
it was made for 3n of sensor electrodes of a young number to always connect with the plus input 28 (or 
either of the negative inputs 29) of a differential ampHfying circuit 27 among sensor electrode 3Al-3An 
(s) arranged in on Rhine by the numerical order The difference partial output which continued between 
each sensor electrode three Al - 3 An can be obtained. 

[0065] (4) In drawing 9 which attaches and shows the same sign in a corresponding pomt with gestalt 
drawing 2 of the 2nd operation All the 2nd Rhine read circuits 50 are shown. All the 1st Rhine read 
circuits 20 about all Rhine Therefore, the electrical potential difference according to the charge 
accumulated in the capacitor Cs produced between the sensor electrode 3 and the fingertip front face F 
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to one differential amplifying circuit 27 one by one It is made as [ connect / to having made it read, / 
differential amplifying circuit / for every three data lines, / one differential amplifying circuit 27 (27A, 
27C, ....) switches, and ]. 

[0066] Therefore, for example in the 1st read timing, the data lines LI and L2 are connected to 
switching the input circuit changing switches 51 A and 52 A to differential amplifying circuit 27 A, and, 
therefore, the output voltage of Rhine LNl is read by read actuation of the Rhine read circuit 22 to 
differential amplifying circuit 27A. 

[0067] At this time, therefore differential amplifying circuit 27B connects the data lines L3 and L4 to 
switching the input circuit changing switches 51A and 52A, and, thereby, reads the output voltage of 
Rhine LN3 by read actuation of the Rhine read circuit 22 synchronizing with reading of the output 
voltage of Rhine LNl by differential amphfying circuit 27A. The data line L5 and L6, and are 
connected to differential amplifying circuit 27C and respectively like the following, and the output 
voltage of LNl, LN3, and of Rhine LNl and LN2 which forms the sensor side 12 in the 1st read 
timing by this, and odd lines of ..LNn is read. 

[0068] After reading of output voltage is completed, therefore in the 2nd following timing, the data lines 
L2 and L3 are connected to the thing of LNl, 3LN, and .... for which the input circuit changing switches 
51 A and 52 A are shortly switched to differential amplifying circuit 27 A, and, therefore, the output 
voltage of Rhine LN2 of odd lines is read by read actuation of the Rhine read circuit 22 to differential 
amplifying circuit 27A. 

[0069] At this time, therefore differential amplifying circuit 27B connects the data lines L4 and L5 to 
switching the input circuit changing switches 51 A and 52 A, and, thereby, reads the output voltage of 
Rhine LN4 synchronizing with reading of the output voUage of Rhine LN2 by differential amplifying 
circuit 27 A. Data-line L6 and L7, and are connected to differential amphfying circuit 27C and 
respectively like the following, and the output voltage of LN2, LN4, and of Rhine LNl and LN2 
which forms the sensor side 12 in the 2nd read timing by this, and even lines of ..LNn is read. 
[0070] The output voltage of LNl, LN3, and of Rhine LNl and LN2 which therefore forms the sensor 
side 12 in the 1st read timing by this, and odd lines of ....LNn can be read, and, therefore, the output 
voltage of LN2, LN4, and .. can read Rhine LNl and LN2 and even lines of ..LNn to the 2nd following 
read timing. 

[0071] The information on the output vohage of all Rhine that therefore forms the two-dimensional 
matrix-hke sensor side 12 in the read time for two lines by the 1st and 2nd read timing in this way can 
be read. 

[0072] Therefore, according to the above configuration, therefore, the information on the output voltage 
of all Rhine of the sensor side 12 can be read in having constituted all the Rhine read circuits 50 at the 
read time for two lines so that one differential amplifying circuit 27 (27A, 27C, ....) may switch and may 
be connected for every three data lines, and the time amoimt which fingerprint reading takes in this way 
can be shortened sharply. 

[0073] (5) In drawing 10 which attaches and shows the same sign to a corresponding point with gestalt 
drawing 4 (B) of the 3rd operation, 60 shows the Rhine read circuit way by the 2nd example, and no 
switches SWSl and SWS2 which connect the formation capacitors Csl and Cs2 to the data lines 23 and 
34, respectively connect the distribution capacitors CU and C12 to the data lines 23 and 24 through 
switches SWLl and SWL2, respectively instead of there being. 

[0074] The electrical-potential-difference read procedure of reading the distribution electrical potential 
difference when distributing the ************ charge Qs2 to the charge Qsl and the formation 
capacitor Cs 2 which are therefore stored in the formation capacitor Cs 1 in the output terminal 30 of the 
Rhine read circuit 60 by the flow chart shown in drawing 1 1 here is explained. 
[0075] That is, therefore, the distribution capacitors Cll and C12 are charged on the electrical potential 
difference therefore impressed at a power source Vcc that the electrical-potential-difference read-out 
procedure RT 2 tums ON SWLl and SWL2 in a step SP 1 1 at a switch SWPl and SWP2 list. 
Consequently, the distribution capacitors Cll and C12 are attained to electrostatic-capacity Cll, and it 
responds to them C12, and is a degree type and [0076], respectively. 



http://www4.ipdLjpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/16/2004 



Page 9 of 11 



[Equation 13] 

Ci^Vcc=Qil0 (13) 

[0077] 

t Equation 14] 
:i?Vcc=Q12D (14) 

[0078] It comes out and the charges QUO and Q120 expressed are stored, respectively. 
[0079] Therefore, Cll and C12 are set as turning OFF SWLl and SWL2 in a step SP 12 at a switch 
SWPl and SWP2 list after charge of the distribution capacitors Cll and C12 at floating at a capacitor Cs 
1 and Cs2 list, respectively. 

[0080] Next, when the formation capacitors Csl and Cs2 are therefore made to form in placing the 
fingertip front face F on the sensor side 12 in a step SP 13, in the formation capacitors Csl and Cs2 
concerned, it is a degree type and [0081]. 
Equation 15] 

'slVcc=Q3lO (15) 



[0082] 

[Equation 16] 

Ca2Vcc=Qa20 (jg) 

[0083] The charges QslO and Qs20 which are alike and are therefore expressed are stored. 
[0084] Next, only the charges Qsl and Qs2 stored in capacitors Csl and Cs2 are discharged by turning 
ON switches SWGl and SWG2 in a step SP 14. And it is a degree type [0085] by turning ON switches 
SWLl and SWL2 in the continuing step SP 16, after turning OFF switches SWGl and SWG2 in a step 
SP 1 5 and setting the potential of an output terminal 30 as 0 [V]. 

t Equation 17] 
IslO = (Csl+Cll) Va2 (17) 

0086] 

Equation 18] 

Csl+Cll) Va2-CslVcc (18) 

[0087] 

[Equation 19] 
CslVcc 

Va2= 



Csl + Cll 



(19) 



[0088] 

[Equation 20] 

Va2 . Vcc (20) 

Cll ^ ' 

1 + 



Csl 



[0089] Electrical potential difference Va2 by the charge QslO redistributed to the formation capacitor Cs 
1 and the distribution capacitor Cll by the side of the plus input which is alike and is therefore expressed 
It reads in a points. 

0090] Furthermore, it is a degree type and [0091]. 
Equation 21] 

i820 = (Cs2+Cl2) Vb2 (21) 

[0092] 
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[Equation 22] 

CCs2+C12) Vb2=Cs2Vcc (22) 

[0093] 

[Equation 231 
Cs2Vc 

(23) 



cc 

Vb2 

Cs24-Cl2 



[0094] 

[Equation 24] 

• 

1 -t 

C32 

[0095] Electrical potential difference Vb2 by the charge Qs20 redistributed to the formation capacitor Cs 
2 and the distribution capacitor C12 of the negative input side which is alike and is therefore expressed It 
reads in b points. Output voltage [ types / (20) types and / (24) ] Va2 corresponding to the electrostatic 
capacity of the formation capacitors Csl and Cs2 by this And Vb2 It can obtain and the concavo-convex 
information on a fingerprint according to the electrostatic capacity of the formation capacitors Csl and 
Cs2 can be read in this way. 

[0096] next, the step SP 17 - setting -- output voltage Va2 And Vb2 a differential ampUfier output - an 
output terminal 30 - taking out -- in this way - the difference of sensor electrode 3An and 3 A (n+1) - 
information can be acquired. This ends the output voltage read procedure RT 1. 
[0097] Therefore, according to the above configuration, therefore, ********** ^an be detected on the 
redistribution electrical potential difference obtained by therefore redistributing the charges QUO and 
Q120 charged by the distribution capacitors CU and C12 to the formation capacitors Csl and Cs2, 
respectively, and, thereby, the same effectiveness as the 1st above-mentioned example can be acquired. 
[0098] (6) it is the gestalt of other operations - in the gestalt of the 2nd operation of a ****, although 
the case where it considered as circuitry to which one differential amplifying circuit 27 (27A, 27C, ....) 
switches, and is connected for every three data lines as all 2nd Rhine read circuits 50 was described 
Without restricting to three, the number of the data Hnes which make this invention not only this but a 
group makes the four or more data lines 1 set, and you may make it prepare a differential amplifying 
circuit to this, and, thereby, it can shorten fingerprint detection time. You may make it connect two or 
more steps of Rhine read circuits 22 fiuthermore, and, thereby, the information on all Rhine on the 
sensor side 12 can be read by 1 time of the Rhine read time. 

[0099] Moreover, it sets in the gestalt of above-mentioned operation. Although the data Hne therefore 
inputted into the plus input 28 and the negative input 29 of a differential amplifying circuit 27 at 51 A 
and 52A at the input circuit changing switch 25 and 26 lists was described about the case where it is 
made for the following sensor electrode 3A (n+1) to always become the negative input 29 to sensor 
electrode 3 An one by one This invention fixes connection of not only this but the data lines 23 and 24 to 
a plus input 28 or either of 29, and you may make it reverse the polarity of the output from a differential 
amplifying circuit 27, and, thereby, it can acquire the same effectiveness as an above-mentioned case. 
[0100] Moreover, although the case where the electrostatic capacity of the formation capacitor Cs 
therefore formed in a specimen using a distribution capacitor was detected was described, you may 
make it this invention detect the electrostatic capacity of the formation capacitor Cs therefore to change 
of the amplitude in the gestalt of above-mentioned operation, applying not only this but alternating 
voltage to the formation capacitor Cs. 

[0101] Furthermore, although the case where a switching element 6 (it is SWPl, SWP2, SWGl, and 
SWG2 to a switch S WS 1 - a SWSn hst) was therefore formed in an FET transistor in the gestalt of 
above-mentioned operation was described, even if this invention uses not only this but a bipolar 
transistor, it can acquire the same effectiveness as an above-mentioned case. 
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[0102] 

[Effect of the Invention] The sensor polar zone which is formed as mentioned above by therefore 
covering the front face of two or more electrodes and the electrode concerned to the dielectric layer of 
predetermined thickness according to this invention. By having detected the electrical potential 
difference by the charge accumulated in the capacitor therefore formed in the specimen in contact with 
the front face of the sensor polar zone as a differential ampHfier output from the 1st and 2nd electrodes, 
the inphase component of a noise is removed and signal detection with a high signal-to-noise ratio can 
be performed. The fingerprint reader which can read the configuration of a fingerprint with high degree 
of accuracy by the sunple configuration in this way, and its approach can be realized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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(3) mm<oj^m<DW}rfRx:^^M 

(4) m2<Dmm(omm ms) 

(5) ii3«3iite«ji^^ (lai o&vmi 1) 

(6) te«iyiS<©71^S8 

10 0 0 3] 
[0 0 0 4] 

mnmnkmfuymm (ii#M¥4-23i803) ^;6s*iig$ixT 

(000 5] m 1 2 tc75-r J: 5 Bmmmm<DmtAm 
St t) i^e 1 tt-> y 3 2 ±jcmife^ij f ©jg 



[0 00 6] }t*S:icSf (3 1 tt^«^4^S 4 Srir V-f-ffi 

ffiFi:-1r^lJ-«M3 t wra{c^a«:Sr:^M.T=' i^xl^lJ- 
[000 71 Z<om^. mis JC^-TJ: 5 »ciSiR(D[lfli£!j 

[0 0 0 8] 

wommi\c)i\,^xi-t. ■^yif-om^st^0i)i>xmm^j: 

20 Sir. :iit«;i«eox^VxVf-t/h$</i.5,, ^(Dife 
J; 5 /.cm/J-'ft^Sr / X(Oj^^SrfflJx.X{t-§-^$t#JtS: 

[0 0 0 9] *%igi4y.±C)-^*#ltUX/i$Jxfct(0 
X% jffi^ife|il8S«fiK(Cj;oXi«l/^»«X'tS)y:<7)IHliaff$tt 
Srgg^ft?) r i: *SX# SftiKffiSBl t) SUtSO^jj-W^feSr 

[0 0 10] 

Bf^^if: (Dmnwmicx-:>xmo:it\cx'omi^^ti^ 
± t , ^ 1 ©m^ssu^s®^ 1 (Dmmim^ 
om2(om.m{cxoxmm^ix?>mttm&^mW}mmL 
xta^^^mw}m:^mm^t. mmKns.i:miii-?>n 

icwmvit^m!^j:i>ms.%mmm^*s^^xmiRxffs 

2<Dmm*^hmwii^mmt)t{.xmm-r^o r^^(cJ;(J 
40 m=&(omm^';^^^^i.xis^Mm'&it<om^^m^mtii 

;S5x#5o 

[001 1 1 

[0012] (1)^1 (omi&o^mm 

m 1 2 tom-t-5gP5>Jc|sl-^-§-Sr#LX^t-® 1 t;i 
^o^^X. 1 OH^^^ir tXtgiKK^'9^«5r^L, ^f^^ 
<*:S«±{CJI^fi£$ttfc^»<0-t>'lJ-^3 (3 A 1-3 
An) i:^h\)i':^m^2lk7aSimLX^<o±:y'>)-Wl& 
so 3»«iiti-i|/d:l^©tilKx/i59l««c«*ajg$it 
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[0 0 131 :i(om't. nmm^'omm.\o\^ii^'^x 

^^{JliB^lJ $ tv^S -tr Vf-«M 3 A 1 ~ 3 A n iCi OT 7 -r 

1 3 ICj:o-CFET(Field Effect Transistor) ^ti^ 

fcJ;oT^fc-feVlJ-««3 A 1~3 An(D[^, 7-<>-± 
JCt3V>-CSS-a-5— *fro-feVi^««3An&tJ5 3 A (n + 
1) SrJH»C. 9J|fex.M^LTS^-^t<^-fe>'f-S1S3 A 
nJJt>*3A (n+1) ;*-P>t^a$tl.2>ffl;^«i±cotf 

t0014j (2) 7^>gg5l9lHlKcO«fig 
ttlS:^^ 19 SIB 1 0 (iig 2 (c^-r J: ^ f-. -fe: vf-® i 2 

fC*-r7-1'>'fgflf3lHlK2 2{Col/''T|ji?q-r?)o 

mti^mm-t^y-(i^m^^^'^2 2\-i.7'-'^m2 3jt 

tJ'2 4Sr*rU, a^T'-^i»2 3&U!2 4<lr^:tl^'^^A 
;^Wlfe;^-i'5'^2 5Xt52 6Sr:frUTt^WgBl 5 F^{c:»: 
1:^ fcixfc^ttitilSlHlJS 2 7 coiEA;^; 2 8 Rx^K:h 2 9 
JcSig^l-SJ: 5(Ci'<c$tuTV^.5o t¥oT^Ujtii|iIlilgS2 
7Jc:J;oT=&x-<5'^2 3^1)5 2 4 Sr:fM^TiEA;^ 2 8 

^T- 3 0 <t #5 t /OST'tr So 

[0 0 16] 7'r'>'^fei9[HlK2 2(HrV-thBl 2^C*; 
V-'•C7'^' VifCia^iJ-rS-lr yi^fl;^S3 A 1 ~ 3 A n Srx 
-^'«|2 3Xt;52 4{c:J;oT^^»StJtffl^#T-5:v>3S 

-r^£t>hM^^j:i-2^(D-:)f(Dy'-^m 

1 It. 7l'>'±cC)-^^fe««-tr>'f-m®3 A 1 , 3 A 

3, 3A2 (n-1) i:mmmmLX\,^i> (r:^t? 

nfie^icT'fcS) , ^ti7-(l^m^'9m^2 2{iMi: 

fir^«)-feVf-m®3 A2, 3A4. 3A (2n) Sr 

(0 0 171 HtcS#:}^SBia<0=>V7'Vi^C 1 IRXJ^C 
1 2l47'1'>'KSt?)|HlK2 20-feVf-l;ffi3 A1~3A 

mm\''^C^^^mt\ci:-:3XM^-t^ Z h i^X^ 5o 
x-^ilft2 3X1^2 4«v^-rtut^4$a:Srfc*>, 
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"9 IeI8§ 2 2 L#5„ 
[0 0 181 %tzrf~'^Wt2ZRXf2A\!t^i\,^iei:^^ 
>>^SWP lSt>*SWP 2^:frLT«j!gVcc»c:«ig|-f-'5 
;^'f"y5^SWG la:0!SWG2^S::^^LT:/7>' 

[0 0 191 7-OiK©«JIalK2 2H:mffia^WL^. 

ffPIIJlsi^i 3ro><.^'>>^Vi:^^m;tt'J;'?P-^53r!^ 
10 ro-lrV-iJ-^3 An&I/3 A (n+ 1) (0>PfSrStR-r 
5. rroife:^, 7'r>Kflt)|HlK2 2tt«ffiR^aU 
1^. MillJiiS@K2 7 t-feVf-«£3An2ir;5 3A (n 
+ 1) i:JiJ:oTl2l4 (A) tc^-fJ: 5 ^ilSKiAj^lllK 

[0 0 2 01 •r^j:^h7-fi^mm.'o^n2 2timBm^ 

3 A 1 ~ 3 A n (Dt^-fy^fi^hm-B- air 3 A n 

Rn3A (n+1) ^m^i.Xy^-fy^S'WSnRU^S 
WS (n+1) »CJ;oT#-feVf-®|$3 An&tFSA 
20 (n+1) ^7'-^m2 3Rrj2 AiC^mi-X. y4> 

►) iHli^ 2 2 0^i)jtS*alH]K 2 7 OoEA;'] 2 8 XO^A 
A;'3 2 9iCA;'3L> :l^^^^l<t•?^r>'i^S^£3AnSt)5 3 
A (n+1) JcJ;5ilt(ifa#ai;'3*#SJ;5tc/j;^ixT 

[00 2 11 :irT'Iil4 (A) icip ^titiy 4 ^^m^'O 

^^22(Dmrf^m4 (b) iC7T^i-y^'^mm'om^2 
2<o^mm^4o^m\'^xtim-ti>o 

[00 2 21 mmm^ 4 0 Ktii ^x^^i: 0 ic. MidJt 
i|raIeIK2 7 roiEA;'3(B!lX«jEA;'3 2 8Srx-^*82 3 A 
30 t)5>^-<2/^swp 1 Sr:fhLt:SMVcc{cg?igg-t-5i:* 
HibliliglelJS 2 7(^EA;'3 2 8»C»i^$ix5T'-t5' 
i^2 3{C7^:^±0*^#@<0-trVi^aiS3 A2 (n- 

1) Rxj^^m±>-i)-m.m3A2 u-d ±\cm9cm^ 

^tf [HiifS 4 0 T'tt. Ji^^3>'x>'l^c s ui;^'f:yf^s 
WS 1 {0.0X7"— fm2 3 tg^)ggXJ±#^Sj^J;::«J«i 
;t« ^tc^^^y^SWG HC^'OXf—$'m2 3i:^7 

40 i^mcm^^k.^m-r?>xo\c^£^tix\,^^, 
[00 2 31 mmi^ i.xmmm^4 o o^Atimxa. 
mwii^mm^2 7<r>^K:h2Q^f-{fm2 4st>!>^-r 
5/^swp2^^LTttMvcc(cSiSg-rsi*{-. mm 

ii*ilH]K2 7(DiEA;'3 2 8 {Cg§M$tv5x-<5'iS 2 4 (C 
7-(l^±(0^m^S<D±>-tm,B3A2 (n-1) JC^t 

-»>-m<i3A (2n) ^mc^m-^y^mm3A2nRxf 

^i5fe«ffiF^cJ;oTJi^fi£$i^5J^^^3V7':/■!^•C s 23£ 
mc^l^Jg^^VT^v-tJ-C s 2»c:#;t?)ttfc«#^5>Sa 
so i-55>ga='>'7'V1>-C 1 2Sr3fe5IJ«igEl-5. 
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(5) 



xV'f-C 1 2:^^h1fm^:^y'i^^C s 2fl:#Sr^>BBLfc 

t#(7)5>sa«jEvb«cj:sMttm-^so (Dmtt^m:^^ 

10 0 2 51 1-/.^*3ibttffiK^fflb#liIMRT IJ^y^-r^-y 
CslVcc«Qal 

[0 0 2 71 



(0 0 2 81 



[0 0 2 91 



Cll Vcc-QU 



Ca2Ycc»Qa2 
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* T'S P 1 (c*Dl^Tir>i^ffil 2±[c:m5fe*ffiF^B< ^ 
tlc^-DXlfm^^yf^-^C s l&U^C s 2$:ff$^$ii: 

^t. ikK:^'ryy^sp 2\ct^\^^x>^-(y^svjp iR 

(a) ) tc-r^r i{Cj:oT?F$^riV7=Vf-C s lSt>* 
Cs 2item;i55^Sa='>'7^>^f-C 1 IRXJ^C l 2<£rm2SV 

M^^i^'fi^-^f^c s iXt/c s 2 3eWc^)'ga3Vx^1^ 
C 1 iRXfC 1 2(CJl^ixmcO»«^I:C s iRXfC 
) s 2Ml>'{cc 1 iRrJc 1 2it;:CT-?:ix-?:tH):iC. 
[0 0 2 61 



[^11 



^ [^21 



★ ★ [^31 



iV l!r [Sc4l 



Cl2Vcc=Q12 

[0 0 3 01 X^^tl^m^Q s 2S:t>*Q s 2^mcQ 

1 ISU^Q 1 2:^^^tl^*hW^htl^o 

[00 3 11 9:\cm^^>'f>'9'C s IST^C s 2M0^ 

s p 3 tc*5i>x>^-f :y^swp i&t>*swp 2Mm::s 
ws isr^sws 2S::^>^ (Eie (b) ) (c-rsr^tc 
J:oT?g^='>'x>i^C s iSri^C s 2 3fem3:5>ia=i>' 
T-Vf-c 1 ist^c 1 2^^n^^yvi-y'^>^'smt 

(0 0 3 21 ^\^:^'ry'fsPAK^\i^xy^^y'f'Sv^ 

Qsl= (C3I+CII) Va 

[0 0 3 41 

(Csl+Cil) Va -CslVcc 

[0 0 3 51 

CslVcc 



(1) 



(2) 



(3 ) 



(4) 



♦ G lST>*SWG2S:;^->- (06 (c) ) {C-T^ <b J; 
^mi^l^'fl^^C 1 IRXJC 1 2\:imXhtltimMQ 

1 ISO^QI 2(0^SrJJcm-rSo -?:LT>^x:y:/S P5 
{C:fc*l>T;^-r:yf-SWG l&t>*SWG2?r:^:7 (1116 

(d) ) tcLTm^«^3 0(DaficSrO CV] {C^^^L 
fc^, jgc<:^x:v:/SP6{c^ol^T:^^^y^sws IX 
U^SWS 2$r:*->' (El6 (e) ) (c-fS :i i: Ic J: «9 XfcS: 

[0 0 3 31 

[fc5l 



#30 



* * tiS6l 



^ [fC7l 



Va - 



Csl+Cll 



(5) 



(6) 



(7) 



[0 0 3 6] 



Va 



1 + 



cu 

Csl 



Vcc 



(8) 



■t^c s iso'^^sa='>'x>'iJ-c 1 iKn^m^Mcn.^ [00391 

Qs HCj;5®EVaS:a^tctJV>T^;«ftll-f-, -jir [IBc9l 

Qs2= (Cs2+Cl2) Vb (9) 

[00401 ♦♦[l^lOl 

(Cs2+Cl2) Vb =Cs2Vcc (10) 

[0 0 4 1] [1^1 1] 



(6) 



[0 0 4 2] 



Vb 



Vb - 



Cs2Vcc 
Cs2+C12 



1 + 



C12 
Cs2 



r cc 



[0 0 4 3] (cJ:oT«$ti5*A;^fi'J(^?f$^='>-7-V 

^ (8) RU^ (12) i:^mtim&V &RXJ^Vb\zX-D 
Xttl^^tim^^^^'fl^^C s IRXJ^C s 2(DWM^M 
C s IXTJ^C s 2^^tb^:itt^x^^o 

(^ffi;^I«ffiV a RU^y b (DSlljii<»im;^Sr 3 0 
X^m^^^o ::4x«cJ;9ffl;f;«ffiS£©t)^)i|BRT 1* 

[00 4 5] :l^oJ:5^^lLTir>'1^®l 2<7)^>r:/±^c 
iS\,^Xm^^±:y'^mm3 AnRrjS A (n+1) T'^ 
to^tb^JF^^^^^xVl^C s IRXJ^C s 2(7)^ga«JE{C 

[0 0 4 61 l[k\Cy^-^mM^]B\&2 2{c:J;^ir>'1^E 
1 2 o 1 :/5J^<^ig;^ft 9 <^»Jt!f Sriil 7 {c^'T^J'^f ^ 

[0 0 4 71 y'^:^m^^l^m2 2\ct^\^^x 

mn^. m-^o^i^^mmsAnRxj^sA (n + D <d 
mmmmic i 5 tu;^ ta ^ r j: o x i ^ 

^ 5 ir 3 A 1 iSil>* 2 A 2 tCOV ^TM«Iiil|iS^C J: 

[0 0 4 81 'rti:io^mwtfj:^m^mmFi!)m^m^ 

^ (a) T-t'-<5^«2 3XU?2 4Srfl:agVcciC^^-r5 
-J:9f->^^:V^SWP l2it>*SWP 2^:^V(C"r'5t* 
JC, •fer^'f-m^SS A I'-S An^7'-^i|g2 3S0^2 4 
f-SJgc-r5^TO:^^:y^SWS l-'SWS n*:^>lc 
bXir >'1^«ffi 3 A 1 3 A n <&«JSVcc(C ioT^S 

[004 91 ifcfc^^^:/^ (b) -e>^-Y:y^swp 1 

Sr/SWP 2 3feU^{c;:^^:yf-SWS l-SWS nSr:=f:7 
ic-r^r irfcj: t). ^r>^i^®fii3 Al'-S An5:>^n- 
7^-<Vi/^^«g(c^S^5o »:tc:^>r (c) T>^>r 
:y ^ S WG 1 XO? s WG 2 5 r i: J: 9 

^^2 3SU^2 4Sr^5>'K®JlfiLT. J: 9 ^^SB 

[0 0 5 01 J*:tC>^>f ^y^SWG lSt5SWG2^::^-:7 

icLT. sr/>$'><^>^ (d) •c;^>ry^sws i&t;^ 



(11) 

(12) 



SWS 2Sr:?f->'t^5<k*tC. HKjie^SlnlSfS 2 7 (^A;^« 
10 lfe^;;^^:y^2 5 2 6 Sr^tt'?:'iX7='-^S|2 3;55iE 
Kf}2%\zJ^mti>i.b\^. ^tiy'-^m2 4 7b>1^Atl 

^^0±>'^mm3AiRxf3A2\ci:^aitimiiL^m 
mm^^\^tciB^m:^so ^mw}mmi^m2 7 (Dm:tf^i' 

[0 0 5 1] 5^5:{c:^r>'1^fl;1g3 A2Xt/3 A3{co(/^T 
^-^nms A lRXJ^3A2(Dm^mtt So Sr«lt±lLfc 

(e) t?;<^:v^sws 1 S::^-:7^cLT 

20 ±>^^mm3Al 5rx-^i^2 3;0-e>^J9g|-r<h* 

. ^W}mm^^2 7(DAtim^x.:^^y^2 5RXJ^ 

2 6^mc:^y'j[^mit^'r^o (f) xx 

[0 0 5 2] m^mj^y^^y'f'SWGii:^y{ci.rc 
j5:(o>$'>r (g) xmmm^mm 2 7 (DA:^m 

;^^:y^2 6S:jEA;b2 8(cg^Mr^ct5tc§]i9^;ig? 

30 mir^t^\c, ±:y'^nm3A3\cmm'r^:^^yf^s 

WS 3S::i->^lCLT^>^f-mfii3 A3^Jr7^-^S62 3\z. 
mWii-^o :l^^^cJ:*9ir>'1^fl:^3 A2tc*^tt2>tti;^fl; 
)±;ii5^»ii«tS[plK 2 7 (7)iEA;'J 2 8 A;^ ^ti. ir 

3 A 3 {c*3it 5a:^3Sffi;5S:&A;ti 2 9 tcA;^ 
;^^< LTir>i^ffl;<l3 A2ST>*3A3[C4bMtS^l!jiii|'S 

[0 0 5 3] aymmcvxy^>^±\ci^\^^X'f^>'^m 
m3A3Rxf3A4<Dmmm^^mtf^mtii^^^cn. ^ 

(D^-i^ly^ (h) X:^^ y^SVJS 2^':tyKl.X± 
40 >^f-fl;1S3 A2^x--^^2 4;6^fe^i9Stt*o ^\^X^ 
(D^^^l^^ (j) X;^^:y^SWG2 5r:4'>-tCLT7' 
-^«ft2 4S:i/5:/Km&J--t-?):ittcJ:oT. ^5^ga=i 
>'x>i^c 1 2^^mLfc^. sa^;^^:y^swG2>jr 
:^y\z.^:bo ::.fi\^ii^f-^m2A\z.^m.ir^mm^ 
:»S:Sj9^<o iE:LTjSfc(^^>f (k) t;^^:^^ 

S WS 4 LTir >-1^m^£3 A 4 *x-^«ft2 4 

{cg^^-r^t^fc, lii!ji«*M[HlK2 7(OA;^^mx.^^ 
:y^2 5 5:iEA;^2 8(cgjggi-5J:9ic, ^f^:^><y^ 
2 6 SrAA;f3 2 9 \z.mmt^ iio\m^ ^xfi|jg!-r 5o 
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[0 0 5 41 :iWj;5JCbT7'<'>'±l-##)l{cM-<T 
ia?lJ$iXTt>S-feV1>-«<S3 A 1~3 An*^f>, P^p 

IHIK 2 7 <^)iEA;^ 2 8St>'AA;^ 2 9 \z=tn^'iimm.ir 
SJ:5{cUfcri:fcj;oT, P-g- 5 ^-f-m^i 3 A 1 
~ 3 A n ra<D?l^^ = >'7' C s JC4 C S$^ga«JElc J: 

[00 5 5] * fcP-g- 9 -fe ^-tJ-^lsw^td^sr^Sil-s^ 
^cM®)*|■S^m•t-S■fe:^i^S®3An&U5 3A (n + 

1) (D^. m^<r>my<^^>'fnM3An<r>^^'^\zmm 

ioT. 1218 (A) {C^-ri^lCp-g-^^S-feV-tJ-SffiS 
A~3A (n+1) Rg-C±«t4S'ISIC< UTiiiggUfcll 

[0 0 5 61 ^h\z.m':^m^^W:if-rhZ.tKi.y)^S 
(B) {C;^-t-J; /I'T-^-^fc-StMl, 

BIS (c) Jc^f i 5 2 ffix-^ i:"b-e# 
s, 

[005 71 ( 3 ) mm<owm<r>nY^Rum3k 

0{C*51/^T(i:^#;65-fei^f-®l 2±iC}t$fe^ 
if La-CStt^-BrSis ^7'('>KSt!?lilK2 0lcJ;t) 
2±lC}«PUSTt>4xfcJi5fe«ffiFlcJ;5-feV 

r r T'JtiKSgBz •? ^tt 1 0 (CtJl^TIi, fflEiftlHlSS 1 3 
iJiiox, ^S7'<:x^c:^^^,^TlE^J$tb5•t::^i^S^3 
A 1~3 An;l>P))HJJ:, P-^ 5 -»(0-lr 3 A n 
XTJ53A (n+1) ;4S§]t)^xjl^$ixS„ L-TS^ 
il^^ixfep-g-^-^l-O-fei/f-a^S AnSt>'3 A (n 
+ 1) ^:^i5fe*ffiFi:icJ;oT?g^^i^sm='>'7=> 
f-C s iRXf^C s 2{cmaSVcc*>b®ISrPP;)JP-r'5r i: 

[0 0 5 81 rW^i^^VT'Vf-C s IXO'C s 
;tfe4xfctti^Sr^tvm^^ia^^xVf-C 1 1&D?C 1 

^MM3AnRX^3A (n+1) Jcot,>T 1 ^-T V^J-JC 
[0 0 5 91 $bicmm<Dm^<OW)i¥^^'0<D±X<Dy 

'<:yicnLxm'Oi&Lmn-r?>:it\cx<o. -ty-^^i 

2*»f>IS^>m;^«2JJi:7c^>*Sr#, 

1 2±(ctD^,^T^5^tti;^(0 2^^c5E5>*^cJ;5iti|S:?g^^ro 

[0 0 6 01 -©1^, Ati9i»::t:^-(y'?'2 5S.Xf2 6 
iCi:-yxmmmmm^2 7<r)JEP<tl2SRXJ^^Atl2 9 
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\^x±i^-!b^-^m^'^^^7LMm.v,x. m^-^^y-^n. 

m^-i, Kn\z.^\^xm^o^<r>^^v^mM'^, K (n+l) 
*5^{CAA;'3 2 9IC/i5J;^iCLfc:it{CJ;9, p-g-^ 
■fei^1J-Sffi3 AnStFS A (n+1) ©1*9. 
3 AnSrSJit t-CJ<>:ro-feVf-a;M3 A (n+l) Wffl 

;^^{t:/!is^lc:ft{RiJ t J; 5 (- L-Tigig Lfc^^b?: to 
(006 11 2±j;i-^ M;^>^*t 

>'JCtJI,>TJ«J>:]l^$tLfcp-a' ^ -fe 3 A n&l>' 

3 A (n + 1) <r>wi^'^mx&f}h\.xmym^xo\n\. 

fcriJcJ;«J, Ml!)tii|iI(cJ;or-fe>'-!^«ffi3 AnXT^ 

3 A ( n + 1 ) fSi(r>us.m^'^nmmB.^^m\^ i -5 a 

[0 0 6 21 J£i±««^{cj;4xtf, ■fe>'1^ffil2±(c« 
^tvfcP-^^-fr^/i^ttffiS AnStl^a A (n+l) 

(Dmt>mj£imWimmLxm^^^i:oi^Ltcz ticx 

9 . ^^y'tnm 3 A 1 ~ 3 A n <?3®iaf>£:^/h{C LTjt 
i^-miS 3 A 1 ~ 3 A n b ttl;']«E;«i^ b / X^jf t> 

[0 0 6 31 4fcirVf-fl;*E3 Anijt^fe^ffiFirOP^ 

c 1 o^)-iafl:ffi^ttttii--5r t^cJ;or?l^fig3Vxi^1^ 
[0 0 6 41 ^hKy^:ym^Sm^fltc±y-^mm3 
A 1 ~ 3 A n d^Pj^T'T :^(DP-^ 9 ir ^'f-a^ 3 A n& 
Uf3A (n+1) S:jlSilbTMl()li1®m;'3Sr«ltH-r5i: 
7'i'>'±(c#-^)ilHli3£-<f>nfc-lr>iM;^3 A 1 
40 ~3 An(7)9t)^i/^#-§-ro-1rV1J-a^S3 n;4S^{Cjlt!)lt 
*ilHlK 2 7 (D2A;'3 2 8 (.xni^T^Ji 2 9 roi,^-f ix;^^- 
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